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e Sequenced 7 B. anthracis strains
— Including reference, Ames Ancestor, complete

* Load into Chado

 Employ mummer pipeline

 Identify polymorphic sites

e Curation at level of electropherogram

- Total of 3,523 unique SNPs discovered
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List SNPs: find all SNPs for a specific reference sequence and target strain(s)

Example SNP reports:

+ All pairwize SNPs between B, anthracis st Kruger B (assembly 1046) and B ahthracis Ames Ancestor (assembly 2479)
+ Asingle polymorphic base on 8. anthracls sl Kruger B assembly 1046 position 1910
+ Numhber of SNPs per gene for 8. anthracls Ames Ancestor assembly 2479

1. Select a single reference sequence:

gh21_76_sssembly - 5.23 Mb (Bacillus anthracis A0039) w

2. Check one or more target organism(s)/strain(s) to include:

[ Baciitus anthracis str. France

[ Bacittus anthracis Volium

[ Baciitus anthracis str. AG1055

[ Bacittus anthracis Western North America USAG1S53
[ Bacittus anthracis ADD39

[ Baciitus anthracis Ames Ancestor

[ Baciiius anthracis st & riger B

All NP alignments between the reference sequence and the selected organismisistrainis) will be dizplayed. If no target
strainis) are chosen then all MPs on the reference sequence will be displayed.

3. Choose a report type:
List all pairwize SMPs between reference and gquery W
4. Select an output format:

HThL table b

5. Run the report:

Questions? Comments? Contact Us
Fathema Version 1.4 January 13, 2006
©1999-2006 The Institute for Genamic Research
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Pairwise SNP report: 57 SNP alignments found for reference seq=gak_1046_assembly , target

seq=gb6_2479_assembly
gak_1046_assembly intergenic gh6_2479_assembly 21614 a | intergenic
gak_1046_assembly 286 C intergenic gh6_2479_assembly 817521 || intergenic
gak_1046_assembly 1910 G intergenic gh6_2479_assembly 83376 a coding 2479 _GBAA pxO2_0092 DR (1)
gak_1046_assembly 8175 T intergenic ghb_2479_assembly 049648 g coding 2479 GBAA pHOZ 00949 D (1)
gak_1046_assembly 8261 G intergenic ghf_2479_assembly 89728 a coding 2479 GBAA pHO2 01005 (1)
gak_1046_assembly 10302 A | intergenic gh6_2479_assembly 91769 g coding 2479 GBAA pHO2 0102 1A (D
gak_1046_assembly || 10386 T || intergenic gh6_2479_assembly 91853 ¢ coding 2479 GBAA pO2 0102 W (3)
gak_1046_assembly || 11409 G || intergenic gh6_2479_assembly Y2876 a coding 2479 _GBAA pO2 010205 (3)
gak_1046_assembly || 17466 C || intergenic ghb_2479_assembly 41048 g coding 2479 _GBAA pHO2 0007 0% (3)
gak_1046_assembly || 21387 & || intergenic ghb_2479_assembly 103t coding 2479 GBAA_pHOZ 0012 5 A (3)
gak_1046_assembly || 22163 T || intergenic gh6_2479_assembly 8h42 ¢ coding 2479 GBAA pHO2 0013 T (3
gak_1046_assembly | 22174 G || intergenic uhf_2479_assembly 8953 a coding 2479 GBAA pHD2 0013 L (1)
gak_1046_assembly | 22178 G || intergenic gh6_2479_assembly 84957 a coding 2479 _GBAA pHO2 00132 DM (3)
gak_1046_assembly 22186 A | intergenic ghb_2479_assembly 2965 1 coding 2479 GRAM 02 00132101
gak_1046_assembly || 22180G || intergenic ghb_2479_assembly 0969 g coding 2479 GBAA pHOZ 001321 (3)
gak_1046_assembly || 22198 G || intergenic ghf_2479_assembly 8877t coding 2479 GBAA pHO2 003 R (1)
gak_1046_assembly || 22219T || intergenic gh6_2479_assembly 8998 ¢ coding 2479 GBAA pHO2 0012 :0G (1)
gak_1046_assembly || 22223 C || intergenic gh6_2479_assembly g002t coding 2479 GBAA pO2 0013 W (3)
gak_1046_assembly || 222294 | intergenic gh6_2479_assembly 9008 g coding 2479 _GBAA peO2 00135 G(3)
gak_1046_assembly || 22232 C || intergenic ghb_2479_assembly q011t coding 24789 GBAA RO 0013 0@ (3
gak_1046_assembly || 22235T || intergenic ghf_2479_assembly 9014 ¢ coding 2479 GBAA pHO2 0013 Q3
gak_1046_assembly || 22244 T || intergenic gh6_2479_assembly 9023 a coding 2479 GBAA pHO2 0013 T (3
gak_1046_assembly || 222458 T | intergenic gh6_2479_assembly 9024 g coding 2479 GBAA pO2 0013 T ()
gak_1046_assembly || 22246 C || intergenic gh6_2479_assembly 902461 coding 2479 _GBAA_pXOZ_0013 T (1)
fgak 1046 assembl 22247 T || intergenic b 2479 assembly S026 3 coding 2479 GHEAS pXOZ 00130503 v
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. anthracis Ames Ancestor

2479 GBAA pHO2 0013

2478 GBRASM pHO2 0045
2479 _GBAA 02 0060
2479 GBAA px0O2 0092
2478 GBRASM pHO2 0102
2479 _GBAA 02 0039
2479 GBAA px02 D066
2478 GBRAA pHO2 0101
2479 GBAA pHO2 0057
2479 GBAA pO2 0061
2478 GBASA pKO2 0028
2479 GBAA pHOZ 0032
2479 GBAA px02 0100
2478 GBASA pKO2 0007
2479 GBAA pHOZ 0044
2479 GBHAA pe02 0062
2478 GBAA pKO2 0035
2479 GBAA pHO2 0064
2479 GHAA peO2 0005
2478 GBASA pKO2 0016
2479 GBAA pHOZ 0077
2479 GHAA pkO2 0024
2479 GBRAA pKO2 0029
2479 GBAA pHOZ 0062
2479 GHAA pe02 0033
2479 _GBAA pHO2 0091
2479 GBAA pHO2 0089
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membrane protein, putative, (px02-14)

surface-layer N-acetylmuramayl-L-alanine amidase, (pH02-42) [ o|fof0o|e
gamma-glutamyliranspeptidase, (pH0O2-55) |3 gjfofaj| 5
hypothetical protein, (px02-73) 3 olofola
hypothetical protein, (pHO2-81) 3 gjfofoj 3
plasmid replication protein, (pxO2-38) 3 gjfofaj 3
transcriptional repressar PagR, (pXo1-109) z ofofol|z
hypothetical protein, (pxO2-80) 2 gifofo| 2
capsule synthesis trans-acting positive requlator, putative, (pHO02-53) 2 ofofojz2
capsule biosynthesis protein CapA, (pX02-56) z ofofol|z
hypothetical protein, (pH02-29030) 2 gifofo| 2
hypothetical protein, (pH02-33) 2 ofofojz2
conserved hypothetical protein, (pX02-T9) z ofofol|z
MLPIPED family protein, (oo 2-08) 2 ojojojz
hypothetical protein 1 ojfofoj1
capsule biosynthesis protein CapC, (pRO2-57) 1 ofo|olf1
conserved hypothetical protein, (pH02-35) 1 ofofo)1
hypothetical protein 1 ojfofoj1
hypothetical protein, (px02-06) 1 ofo|olf1
conserved domain protein, (pHO2-17) 1 ofofo)1
capsule synthesis trans-acting positive regulator, (pHO2-64) 1 ojfofoj1
hypothetical protein, (px02-26) 1 ofo|olf1
hypothetical protein, (pH02-31) 1 ofofo)1
sighal peptidase |, (pX02-59) 1 ojfofoj1
hypothetical protein, (px02-34) 1 ofo|olf1
hypothetical protein 1 ofo|olf1

FunZ family pratein, (po2-71) 1 ojojoj1 w
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Genomic sequence and protein coding context of the SNP
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1935

g3401

47111

Annatation b I Ga | o

gak 1046 _assenbly/+ strand
NCEI assembly archiwve: CCHNTIG 170527 [1554-1954]

alternative hase [gray = unanimous base call]

read depth

consensus_quality wvalus

gh6 24759 GELL pXOZ 0092 CD3/+ strand

gh6 2479 _assenbly/+ strand
NCEI a=ssenbly archive: CONTIG 169075 [E3350-53400

gh7_274 assembly/- strand
WNCEI assembly archiwve: CONTIG 169121 [47111-47161

alternative base lgrav = unanimous base calll




Anthrax SNPs: Near future

o Affymetrix resequencing chip
e 1,000 Anthrax strains

* Implications:
— Performance ?
— Data model explosion?
— Virtual sequence
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Protein cluster 14064660

CLUSTER SUMMARY

Algorithm: cogs

Description:

Number of proteinsigenes: 5
Average BLASTP identity: 95 0%
Average BLASTP coverage: 96.7%

CLUSTERED PROTEINS/GENES

n[B. anthracls lolium] gh20_84 ORFO5339 | BAVDS33S | 228 aa | 1exonis) | sodiumfalanine symporter family protein
E[B. anthracls str. Kniger B gak_ 1043 ORFOS340 | BAKBSZ40 | 201 aa | 1exonis) | sodiumfalanine symporter family protein
E[B. anthracls Western North Armerica USAST5E] ghd 2017 ORFO5202 | BAVWRA20Z | 201 aa | 1exon(s) | sodiumdalanine symporter family protein
n[B. anthracls str. AQT055)] gh?_ 273 ORFO5308 | BAGCS308 | 201 aa | 1exon(s) | sodiumdalanine symporter family protein
E[B. anthracls A0025] gh21 TE_ORFOS190 | BAALISTQ0 | 215aa | 1exonis) | sodiumfalanine symporter family pratein

GEMOMIC CONTEXT OF CLUSTERED GENES/ORFS

displayatmost. 5k 10kb 15kbh 25kb 50 kb on either side ofthe highlighted genes:

£h20_B4_assenbly/- (5214542 bp) |

4,971
I <
h20_54_0RF0S344 2h20_54_ORFOS341 gb20 54_ORFO5337 gb20 54_ORFO5335

£h20_5d_0RFO5343
ghi2(_gd_0RFOSE42

gak_10d43_a

ol
[
gak /1043

i gd
ghi20_54_ORFOS340 b20 G4 _ORFOS33
g
gh0_8d_DRFOSE3 b20_84_0RFOS3354
-
ghZ0_g24_IRFOS3E

k_1043_0RFOG343 k. 1E43 DR&OSSSQ i gak_1043 @R!{JSSS?

[
ak_1043_0RFOS345 gak_1043_ORFEI42 gak 1043 _0RFOS335 gak 1043 _0RFOS336
[ [Icd
gak_1043_0RFO53: gak_1043_DRFOE5:
-
gak_1048_ ORFOS:
ghd | 2017 lassemblys- (52 ?46 b
4lgzn
(o <
ghd 2017 DRFOSZ07 ghd_2017_ORFOSZ04 bd_2017 [ ORFOSE0L d_z2017 _ORFOT195 A
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ghd_2017_ORFOE199

4,97
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gh7_273_ORFO5306 . gh7_273_DRFO5304
[y
ch7_273_DRFOSanG

£h7_273_0RFO530
9 bp

f
4.Jan
I - (- <
ghZl_76_ORFOG195 gh21_76_ORFOS1 ghZl 76 ORFOS190 ghZl 76_ORFOSIEE ' sh2l 76_ORFUS1G6
= -
ghl_76_ORF05194 ghZl_76_ORFOSLOL ghl_76_ORFOG1E7

—_— =
shl_7E_ORFOG10Z  ghZl 76_ORFOS189

gak_ 1043 ORFOS336: transport protein

CLUSTAL ALIGNMENT

ghZ0_&4 ORFO5339 |BAVOS5539 INCCXGGGIG AMMEYGIORG LFANEAGMGS APNALATADY THPAKQGFIO TIGVLVDTFL
gak_l043 ORFOS340|BAEES340 ciiiaeiens sesnansass savanns NGE APNARLTADY THPAKQGFIQ TIGYLVDTFL
ghd Z017_O0ORFOSZ0Z|BAWNSZO0Z  ....cevins cviiinnnnn snamnns W JOMALATADY THPAKQGFIOQ TIGVLVDTFL
gh?_Z753_0RFOS308 |BAGCSI0E cvcvawnnns tusnensnss sevaunas MGE APNAALTADY THPAKQGFIQ TIGYLVDTFL

ghzZl_76_ORFOS190|BALAUS190 LFANEAGMGS APNARATADY THPAKQGFIO TIGVLVDTFL
* FEREFEEEE FEEEFEEERE AAAFEEEERES

gh20_&4 0RFO5339 |BAVOSS39 VCTITAFIVL C3GAYEATNL EGIELTONAL 3F30IGPWASY FLATIIFLFA F33LLGNYYT
gak_ 1043 ORFOS5340 | BAKES340 VCTSTAFIVL CEGAVEATNL EGIELTOMNAL 53QIGPUASS FLATIIFLFA F33LLGNYYY
ghd 2017 _0ORFOSZ0Z | BAWNSZ0Z VCTITAFIVL C3GAYEATNL EGIELTONAL 3F30IGPWASY FLATIIFLFA F33LLGNYYT
gb7_ 273 ORFOS308 |BAGCL30S WCTSTAFIVL CHSGAVEATNL EGIELTOQNAL 3S3QIGPWASS FLAIIIFLFA F3SLLGHYYY

ghzZl_76_0RFO5190 | BALATS190 VCTSTAFIVL CSGAYEATNL EGIELTONAL 330IGPWASS FLAIIIFLFA F3SLLGHNYYY
FEEERETEEE TXTEXTEELS TEEXTEELET TEXXTXLERT TEETXTLEHTT TERXTETLLS

ghz0_54 ORFO5339|BAVOS33S GETNIEFIEQ SETWLTIYRI AVVGHMVLFGS VATLOVVINE ADLFHMGLMVI THLIAITLLG
gak_1043 0RFOS5340 | BAKE 5340 GETNIEFIKQ SKTWLTIYRI AVVGHVLFGS VATLOWVVWNM ADLFMGLMVI THNLIAITLLG
ghd 2017 _O0RFOSZ0Z |BAWNSZO0Z GETNIEFIEQ SETWLTIYRI AVVGHMVLFGS VATLOVVINE ADLFHMGLMVI THLIAITLLG
gh?_273_0RFOS308 |BAGCSE0S GETNIEFIKQ SETULTIYRI AVVGHMVLFGS VATLOVVUNE ADLFHMGLMVI THLIAITLLG

ghzl_76_ORFOS5190|BALTS190 GETHNIEFIKQ SETWLTIVRI AVVGHMVLFGS VATLOVVINIM ADLFMGLMVI TNLIAITLLG
FEEERTTEES THEEEXGEERS FTEXXGEARET STXRETEERS THEEFTEEHRE TEEXTFEEFES

gb20_54 ORFOS339|BAVOLI3D RFATAALADY WROQFRQGEDP VFRADSIPGL TNTECWDESA VIDEEEAY
gak_1043 0RFO05340 | BAKE 5340 RFATALLADY VRQFKQEKDF YFRADSIPGL TNTECWDESA VTDEEKALY
ghd 2017 _ORFOSZ0Z |BAWNSZOZ RFATAALADY WROQFRQGEDP VFRADSIPGL TNTECWDESA VIDEEEAY
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Reactions

Species Genes | EC #s | Reactions | Pathways
B. Anthracis 1,619 | 656 943 75
B. Mallei 1,582 |536 842 74
B. Pseudomallei 1,185 471 749 76
C. Botulinum 874 303 687 72
C. Perfringens 939 289 681 64
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Genome Properties

Project Biochemica | Protein Small Non-
| Pathways | Transport Molecule transport
Transport
B. anthracis Ames | 53 (5) 3 (0) 6 (2) 47 (10)
B. mallei 65 (11) 6 (2) 7 (2) 58 (9)
B. pseudomallei 66 (11) 7 (3) 8 (1) 66 (14)
C. botulinum 35 (10) 4 (0) 5(1) 46 (12)
C. perfringens 35 (13) 2 (1) 4 (2) 45 (9)

Properties with partial evidence are counted as positive assertions and
denoted in parentheses.

Assessment of 85 biochemical pathways and 19 specific transport networks

_Genome Properties: a system for the investigation of prokaryotic content.
Bioinformatics. 2005 Feb 1;21(3):293-306.




Genome Properties

) Genome Properties Definition - Mozilla Firefox
Fle Edt View Go Bookmarks Tools Help

- @ T-/;] LI htp://pathema figr org/tigr-scripts/pathema/shared /GenomePropDefinitior V: ® 5o |[GL

Path ema ch Annetation for BARESG U v | oo
Bioinformatics Resource Center Home | Genomes | Searches | Comparative Analyses | Gene Lists | Carts | Downloads | Links
& i Genome Property Definition Page » e
Accession: GenProp0014 | Hame: polyketide biosymthesis, type |
Related
Froperties
Accession | GenProp0014
FPathema
Results Name |polyketide biosynthesis, tpe |

|Allowed states; YES NO Folyketides are an important class of natural product which are assemhbled hy the segquential
addition of units containing at minimurm one acetate group, Polyketides include many antibiotics and other compaunds of
hiolagical and economic importance. Polyketides may he synthesized by large multi-dormain proteins (Type | polyketide
| synthetazes) which carry out a so-called thio-template program in which successive modules of domains add single units
|to the growing end of the polyvketide chain, modify the newly added piece (usually a series of reductions) and pass the
|chain on to the next module. The overall mechanism is similar to that observed in the biosynthesis of fatly acids in
lanimals via the Type | fatty acid synthases. By contrast, Type |l polyketide synthetases, which are similar to the Type [ fatty
acid synthases found in bacteria and plants, consist of separate proteins for each of the various functions invalved in the
(overall process. Plant chalcones and stilbenes are synthesized by yet a third style of synthetase inwhich a single
Description ||condensing enzyme is active for all condensation steps. Many of the constituent domains of type | polyketide synthetases
|have been defined by HM models. These include acyl transferase (PFO0G98), beta-ketoacyl-synthase (PFO0109,
FFO2801), acyl carrier pratein (PFO0550) and thioesterase (FFO0975) domains. Other cammonly found domains which
|have notyet heen represented by HMMs include ketoreductase, dehydratase and enayl reductase domains. This genome
|property will be setta YES if any single gene inthe genome contains domains corresponding to PFODESE, PFOOT0&,
PFO2801 and PFO0A450. (These correspond to the minimum set of domains for production of a polyketide chain) Failing
Ithat condition, a YES will he set if two consecutive genes in combination contain all ofthese domaing (as type | polyketide
|synthetases are sometimes found as multiple genes broken up between some, but not all, ofthe domains). Otherwise,
Ithe propery will be setto MO, A NULL value indicates that the genome has not yet been evaluated with regard to this
property.

-TIGR Role - Biosynthesis of natural products

Gene
Ontology GO0030635: polvketide biosynthesis (biological_process)
Term
Components Download

e lwed e

acyl trans, keto synth and thioest domains inthe same ORF || AT+KE+TE PFOOGYE + PFOO109 + PFO2B01 + (RULES)




OBO Edit Usage

Properties have parent-child relationship
Components are children of property
Evidence is child of component

Genes found by evidence are children of
evidence

Load those relationships into OBO edit...
Exchange format for GP?

: V¥ 0B0 Edit:

Berkeley Drosophila Genome Project



File

Edit  Plugins Help
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* With more and more strains being sequenced
we need to be able to correlate new data-types
with sequence information....eg ...

— Geographical information (country, city or GE
— Clinical symptoms

— Date of isolation
— Host range (organism taxon, sex, age, etc)

— Tissue/cell type that is infected
— Method of transmission

— reservoir

— efc, etc ,etc




The Microbial Rosetta Stone Database: a compilation of

global and emerging infectious microorganisms and
bioterrorist threat agents.

Ecker DJ, Sampath R, Willett P, Wyatt JR, Samant V,

Massire C, Hall TA, Hari K, McNeil JA, Buchen-Osmond
C, Budowle B.

BMC Microbiol. 2005 Apr 25;5(1):19.

b
Ibis Therapeutics ‘ '



The Gemina database

Fully relational
Highly research-brittle
IP agreements in progress

Content
— Protocols
— Taxon->epi data

— Hierarchically structured CVs:
« anatomy, disease, symptom, transmission method,
reservoir, geographic location

Example gueries:

— “all of the DNA sequences of pathogens that infect the gut”
— “all of the the airborne pathogens found in the USA”

— “All the flu viruses isolated in 2005”



Hypervariable
Regions, Repeats, I
Mobile elements

N

Unigmer Engine

ﬁ
GEMINAdDb . Include

|

|

: MIUMIYIER

" UNIOMER

|

DNA I :' Salzberg
Taxon_IDs Annotation ' Delcher

“Virulence Properties” User Requirements

eg Uniqueness, length, Tm,
Distance apart etc



Infection Systems : representation of the “ Chain of
Infection”

Bacillus anthracis str. Ames — Skin — Human - Anthrax
Bacillus anthracis str. Ames Ancestor — Respiratory Tract — Cow - Anthrax

Chain of infection

RESERVOIR MODE OF TRANSMISSION SUSCEFTIELE

PORTALS
OR ENTRY

DROPLET

e — .
‘ s ) DirecT S’P S
S CONTACT f. .

Principles of U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES

EPIDEMIOLOGY Public Health Service DISEASE
Centers for Disease Control and Prevention (CDC)



 infectious disease and body system oriented

* hierarchical query and retrieval

anatomy — disease — symptom — transmission method — reservoir — geographic location

open biomedical ontologies -
EH voeabularies

FlyBase controlled vocabulany
B MESH
MCIl Thesaurus

+diseases of the respiratory system
+infectious and parasitic diseases
+arthropod-borne viral disease
+intestinal infectious diseases
+other bacterial diseases
+bacterial infection
+gas gangrene
+staphylococcus infection

+tetanus

National £

= M e S H of M]éjdbjziﬂ:l-}re ,\I \1

+animal reservoir
+arthropod
+mollusc

+environmental reservoir
+soil
+food

+human reservoir
+blood

+respiratory tract



+Animal_structure
+Body region
+Cardiovascular_system
+Cell
+Digestive_system

+Embryonic_structure

+Endocrine_system

+Fluids_and_secretions
+Hemic_and_immune_system
+integumentary_system

+Musculoskeletal _system

+Nervous_system

+Respiratory_system >
+Sense_organ

+Stomatognathic_system

+Tissue

+Urogenital_system




epidemiology CVs sources

\ 4

 Mesh files at OBO: ’

— anatomy (tissue component)

— symptom

— geographical location
 Rat Genome Database

— disease - divided this into separate ontologies
» diseases and symptoms.

* literature, web sites and epidemiology sources
— transmission method
— reservoir ontologies




anatomy ontology (1,318)

e pared down ontology to describe
— body parts
— body systems
— body components

e augmenting with specific human cell types.




disease ontology (402)

augmented

— Infectious disease
— mycoses

— ZOONOoSses

removed non-infectious conditions/diseases
(e.g., congenital conditions).

separated out symptom into separate ontology

WHO




symptom ontology (254)

* pbegan at signs and symptoms node

e organized the symptoms ontology to
match disease ontology

e separated:
— General symptoms, V.

— Symptoms involving the various body regions
or systems




geographical location (370)

e extracted from MeSH
— defined the children of regions

— Includes additional nodes where needed (e.g.,
city/county)

—added US Census
— added CIA list of countries



transmission method (11)

e curated transmission mode from
Principles of Epidemiology, from CDC
— direct modes
 Kissing, skin-to-skin, contact w/ soil

— Indirect modes
« Airborne Vb
* Vehicle borne, medical (tissue transplant)
* Vector borne (flea bite)




natural reservoir (81)

e created top nodes:
— Environmental
— Human
— Animal

 added

— literature
—web sites
— epidemiology sources.



Infection systems

anatomy — disease — symptom — transmission method — reservoir — geographic location

e Species (10)
— Bacillus anthracis, Bacillus anthracis Ames,

Bacillus anthracis Ames Ancestor,
Bacillus.anthracis Sterne (11)

— Brucella spp, B. melitensis, B. abortus, B.
suis, B. canis (85)

— Burkholderia mallei: (29)
e Current total : 135

e Underway: Human and avian flu

=
' Lynn Schriml
. y



Obligate Collaborations

Anthrax SNPs: Jaques Ravel@tigr
Chado: FlyBase and BDGP.
Mummer/SNP/Signature: Salzberg@UMd
Reactome: CSHL, EBI, GO™

Gene function CV: GO™ consortium

MRS database: |Ibis Therapeutics
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